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Pyrethroid insecticides
 Synthetic esters derived from the natural 
chemical pyrethrins
 Non-polar, high Kow, high affinity to 
sediments 
 Replacement of federally-restricted 
organophosphate insecticides
 Pyrethroids are extremely toxic to aquatic 
species though pyrethroids have low 

























































































Sodium channels are responsible for the initiation and 
propagation of action potentials (i.e., electrical impulses) 
Pyrethroids prolong the opening of sodium channel resulting in 










How prevalent are pyrethroids in the 
environment and are they detected at 
high enough concentrations to cause 




in SF Bay & 
Sacramento
Methods
 189 total samples in agriculture (106) and urban 
(83) dominated water bodies. Sediment was 
collected for toxicity testing and chemical analysis. 
 10-d toxicity tests were conducted with 
the amphipod, Hyalella azteca (only 
survival data discussed).
 Thirty-one pesticides were determined by 
GC-ECD (You et al. 2004). The method reporting 
limit was 1 ppb.
Organochlorines
 Aldrin
 alpha, beta, delta gamma-
BHC
 alpha, gamma- chlordane







































































































































































































































































Sediment 10-d toxicity data










Identifying the contributors to 
sediment toxicity: TU analysis
Toxicity Unit (TU) = Actual conc. in sedimentHyalella LC50 conc.
TUs calculated on an organic carbon normalized basis
Assume additivity to get sum of pesticide Tus
Benchmark value = 0.5 TU
































































































































Dominant pesticides - Risk
Summary
 Complex mixtures of pesticides occur in 
urban sediments, while simple mixtures 
occur in agricultural-dominated sites
 Pyrethroid insecticides are the 
dominant concern in terms of frequency 
of detects and relative toxicity
Summary
 Pyrethroid concentrations were sufficiently 
high enough to explain most of the observed 
toxicity
 Bifenthrin toxicity is greatest in both 
landscapes (12%, ag sites; 78%, urban sites)
 Other pyrethroids also important (lambda, 
esfenvalerate, permethrin at ag sites and 
cyfluthrin, deltamethrin at urban sites)
How prevalent are pyrethroids in the 
environment and are they detected at 
high enough concentrations to cause 
harm to non-target species?
VERY MUCH SO & YES
How do we know its really pyrethroids?
Quantification
 Presence does not always equal toxicity
Toxicity Identification Evaluations
Toxicity unit (TU) – Response Curve
From this equation, 50% mortality will be expected at 1 TU.
Because mode of action for pyrethroids are similar, toxicity is



















10-d H. azteca LC50 (OC normalized)
Environmental concentration (OC normalized) TU =


































Weston et al. 2009. Environmental Toxicology and Chemistry. 28 (1): 173-180.
Harwood et al. 2009. Environmental Toxicology and Chemistry. 28(5): 1051-1058.





































































































































































Where are the pyrethroids, 
and particularly bifenthrin, 
coming from in general?  
Lawn care products available
 Scott’s Turf Builder with Summerguard
(BIFENTHRIN)
 Ortho Basic Solutions Lawn and Garden Insect Killer 
(BIFENTHRIN)
 Ortho Bug-B-Gon Max Insect Killer for Lawns 
(BIFENTHRIN)
 Spectracide Triazide Soil and Turf Insect Killer 
(LAMBDA-CYHALOTHRIN)
 Ortho Bug-B-Gon Max Lawn and Garden Insect Killer 
(ESFENVALERATE)






Use of Ortho Bug-B-Gon Max Insect Killer for Lawns 
(or any of several similar products)
Application to lawn using a spreader at the recommended rate
A modest size lawn of 30 ft by 30 ft
Loss of 1% of the applied amount in runoff (= 8 mg bifenthrin)
How much would that 8 mg bifenthrin have to be 
diluted before it was no longer acutely toxic to Hyalella?
If diluted in sediment:
3 tons of sediment
(wet weight; assuming 2% organic 
carbon and 60% solids content)




We and others have found locations from which the
sediment and/or water are highly toxic due to
pyrethroid insecticides when tested with H. azteca in
the lab, yet the sites contain a thriving wild population 
of H. azteca.
Toxicity of the pyrethroids to wild 
populations of Hyalella azteca
Species 






C UCB 4.8 (3.9-6.2) 1 
Wild Populations 
A Laguna Lake (LL) 4.8 (3.7-5.8) 1 
B Blodgett Reservoir (BR) 1.3 (1.1-1.5) 1 
Pleasant Grove Creek 
(PG) 
11.8 (8.8-14.7) 3 
D Morrison Creek (MO) 132 (63.5-174) 30 
Mosher Slough (MS) 211 (176-244) 50 
Grayson Creek (GC) >691 >175 
Chualar Creek (CH) 535 (403-650) 100 
Mechanism of pyrethroid resistance













Resistant H. azteca populations
contained one or both of
these mutations
918 - Well known mutation 
















































































UCB animals - A portion of chromosome 3, and the encoded amino acid sequence
The resistant H. azteca populations have achieved resistance by mutations in the
voltage-gated sodium channel gene, found on chromosome 3.
Nature 475, 19 (2011)
Tusting, L. The Guardian. Feb 2014 
Resistance in vector species is common
Controversy – Adaptation or Acclimation?
 Clark et al. reported LC50 values 49 and 300 times greater for cypermethrin 
and  bifenthrin in field-collected Hyalella compared to lab populations
 Lost partial tolerance over time – attributed to non-genetic enzyme activity
 Did not measure genetic VGSC mutations as noted in Weston et al. (2013)





Mosher Slough – Stockton, CA U.S. EPA Lab – Duluth, MN
49
D-clade resistant




 RES Hyalella tested after 14, 22 and 30 months in 
culture
 NR Hyalella also tested
 EPA protocol 600/R-99/064
 96-h static water-only exposures to permethrin
 Lethality endpoint
 Probit analysis to determine LC50
X 10
 Approximately 53-fold decreased sensitivity to permethrin 
that is retained over time.
 So was this result due to the mutation being maintained 
in the population ?
Population Test Date LC50 (95% Confidence Intervals)
Non‐Resistant June 2015 34.5 ng/L (31.3 – 38.3)a













(30 months in 
culture)
1418 ng/L (1269 ‐ 1585) b













Resistant H. azteca populations
contained one or both of
these mutations
918 - Well known mutation 
















































































UCB animals - A portion of chromosome 3, and the encoded amino acid sequence
YES… Resistant Mosher Slough population retained 
the L925 mutation after 16 months!
Adaptation or Acclimation?
• Mosher Slough H. azteca are permanently genetically 
altered (presence of L925I and L925V)
• Mosher Slough H. azteca maintained pyrethroid 
resistance when cultured in a pyrethroid-free 
environment (LC50 at 30 months ~ 50 times non-
resistant animals)












Agilent 1100 HPLC 




7-14 d old H. azteca













total permethrin in 
NR & RES H. azteca.
 RES H. azteca 
bioaccumulation 




























Water Concentration (ng L-1)
210 365 84324 46 86
NR NR NRRES RES RES RES RES RES
864624






noted in NR & RES  
H. azteca








Potential for Permethrin Trophic Transfer
58
14C
 15 H. azteca
 Water spiked at 780 ng/L
 Exposed for 24 h
 Pimephales promelas fed for 4 days
 Static renewal system
 15 Hyalella fed to each fish/day
59
Potential for Permethrin Trophic Transfer
Findings
 We found detectable concentrations of permethrin 
and biotransformation products in fatheads fed 
resistant-dosed Hyalella.
 Transfer could be parent, biotransformation products 
or both.
 These body residues are most likely underestimating 
bioaccumulation potential at steady state.
 Exposure is expected to be even greater if other 
sensitive species are not able to tolerate the elevated 
pyrethroid exposures noted at sites…. So fish and 
birds are more heavily relying on resistant Hyalella as 
a food source.
60
Are H. azteca possessing the 
pyrethroid-resistant mutation less 
tolerant of other stressors?
Challenges: 










What are the “costs” of 
this resistance?
 Increased bioaccumulation potential
 Increased risk of biomagnification
Decrease tolerance to other stressors
 Implications for bioassessments?





 F1 offspring are non-resistant… 
Mutation is recessive.
Population Test Date LC50 (95% Confidence Intervals)
SIUC NR October 2015 31.22 ng/L (26.44 – 36.87) a
SIUC RES October 2016 1418 ng/L (1269 - 1585) b
SIUC NR X SIUC RES
Different clades*
October 2016 22 ng/L
Field NR X SIUC RES
Same clades
February 2017 ~25 ng/L
What can we do to keep pyrethroids 
from being an issue in urban areas? 
What can we do to keep pyrethroids 
from being an issue in agricultural areas? 
Take Home Messages
 Pyrethroids are prevalent in aquatic systems and are 
present at high enough concentrations to severely 
impact sensitive non-target species
 Elevated concentrations have been found in sediments 
in several countries
 Appears to be largely an urban homeowner problem
 Resistance has developed in H. azteca and is 
widespread throughout CA
Take Home Messages
 Adaptation has occurred in Hyalella due to exposure to terrestrially-
applied pyrethroids and this has been confirmed with toxicity and 
genetic testing.
 Non-resistant H. azteca cannot survive high permethrin exposure, thus 
pyrethroid resistance increases the relative risk of permethrin 
trophic transfer.
 Pyrethroid-resistant H. azteca increase fish exposure to permethrin 
and its biotransformation products, by adding an additional route of 
exposure.
 Increased risk of altered sex ratios, & feminization of male fish 
which could result in population declines as estrogenic 
biotransformation products accumulate.
Using bioavailability to assess pyrethroid 
insecticide toxicity in urban sediments
USGS 104G National Competitive Grant G15AS00019






















































 Chemically analyze the sediments & run Tenax
 Toxicity bioassays
 Verify with targeted-TIEs
 Check for presence of pyrethroid-resistant H. 
azteca
Hyalella azteca Chironomus dilutus Lampsilis siliquoidea
Impacts of our work?
 Permissible application practices of pyrethroids by 
professional applicators are being modified (already 
done in CA).
 No longer can they spray broad areas of impervious 
surfaces.
 The distance up the house foundation and out from 
the house that they can spray are now being limited 
(3 feet in each direction).
Impacts of our work?
 Most pyrethroids are now being re-registered 
nationwide. Most of the data being used by the 
USEPA for this review is our data.
 In CA, our data has led to pyrethroids being placed in 
re-registration, a process by which the state requires 
registrants to produce additional data to address 
previously unrecognized risk. 
Impacts of our work?
 Sediment toxicity testing has been added to permit 
requirements of stormwater agencies in Stockton and 
Sacramento.
 Pyrethroid monitoring and Hyalella testing has been 
added for the Sacramento POTW.
 About a dozen creeks in CA have been added to the 
303(d) list due to pyrethroid impairment.
Impacts of our work?
Questions ?
Impacts of pyrethroid 
exposure to fish
 LC 50 values in the low µg/L range and more toxic at lower 
temps
 Pyrethroids effect swimming behavior and other 
behavioral endpoints
 DeGroot and Brander (2014) found that pyrethroid 
biotransformation products were the main contributors to 
estrogenic effects in fish
 3-phenoxybenzyl alcohol and 3-(4’-hydroxyphenoxy)-benzyl 
alcohol mimic the interaction of 17-β-estradiol with 












Two-compartment model for H. azteca permethrin exposure
C = concentration in water (w) or in H. azteca tissue
p = parent permethrin     m = permethrin biotransformation products
k= rate coefficient/ constant for u = uptake or e = elimination









Two-compartment model for H. azteca permethrin exposure
C = concentration in water (w) or in H. azteca tissue
p = parent permethrin     m = permethrin biotransformation products
k= rate coefficient/ constant for u = uptake or e = elimination
Population 5 t1/2
Resistant H. azteca 17.4 h
Non-resistant H. azteca 33.2 h
